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5Introduction
	 Electron	microscopy	 has	 long	 been	 an	 excellent	
tool	 for	 examining	morphology	with	 high	 spatial	
resolution	 in	 cellular	 organelles.	 Combined	with	
immunocytochemistry,	 precise	 localization	 of	 specific	
molecules	 in	 some	 organelles	 with	 the	 highest	
resolution	may	be	 obtained.	There	 are	 two	different	
techniques	 for	 immunoelectron	microscopy:	 a	 pre-
embedding	method	and	a	post-embedding	method.	In	
the	 pre-embedding	 method,	 t issue	 sl ices	 are	
processed	with	 immunoreaction	 procedures	 before	
dehydration	 and	 resin	 embedding.	 In	 the	 post-
embedding	method,	 ultrathin	 sections	 of	 resin-
embedded	 s p e c imen s	 o n	 me t a l 	 g r i d s	 a r e	
immunolabeled	 with	 specif ic	 antibodies .	 For	
visualization	 of	 immunoreactions,	 horseradish	
peroxidase	 reaction	 products	 are	 frequently	 used	 in	
the	 pre-embedding	method	 (Nishikawa	 and	 Sasaki,	
1996).	 On	 the	 other	 hand,	 in	 the	 post-embedding	
method,	 colloidal	gold	grains	are	 frequently	used	 for	
visual ization	 of	 immunoreactivity.	 Anti -DNA	
immunohistochemistry	of	normal	and	apoptotic	nuclei	
was	 successfully	 performed	 at	 the	 ultrastructural	
level	 using	 the	 post-embedding	method	 (Nishikawa	
and	Sasaki,	1995).	Mitochondria	are	known	to	contain	
a	 small	 quantity	 of	 their	 own	DNA	 in	 the	matrices	
(Alberts	 et	 al.,	 2008).	 The	 goal	 of	 the	 present	 study	
was	 to	determine	whether	 the	gold	grain	density	 in	
mitochondria	was	above	the	background	level	or	not.	
I f	 the	 presence	 of	 gold	 grains	 ref lects	 DNA	
localization,	the	spatial	distribution	of	DNA	molecules	
in	mitochondria	could	be	visualized.
	
Materials and Methods
	 Male	 and	 female	 adult	Wistar	 rats	 (CLEA	Japan,	
Tokyo,	 Japan)	were	 used	 (weight,	 250–400	 g).	 They	
were	 anesthet ized	 by	 sodium	 pentobarbita l	
(Nembutal,	Abbott	 Laboratories,	 IL,	USA)	 and	 then	
fixed	with	 3.7%	 or	 4%	 paraformaldehyde	 and	 0.5%	
glutaraldehyde	 in	phosphate-buffered	saline	or	0.1	M	
cacodylate	buffer	solution	via	perfusion	of	the	fixative	
Evaluation	of	DNA	labeling	in	mitochondria
Abstract
Mitochondrial	 DNA	was	 detected	 by	 post-embedding	 immunoelectron	microscopy	 using	 anti-DNA	
antibodies	followed	by	a	gold-conjugated	secondary	antibody.	Tissue	blocks	of	enamel	organ	epithelia	
in	rat	 incisor	were	used	to	examine	DNA	localization	in	mitochondria.	Many	gold	particles	derived	
from	DNA	molecules	were	 localized	 in	 the	nuclei.	Several	gold	particles	were	also	 localized	 in	 the	
mitochondria	in	addition	to	the	cytosol	and	intercellular	space.	The	validity	of	mitochondrial	labeling	
using	a	combination	of	high-resolution	 immunocytochemistry	and	sensitive	anti-DNA	antibody	was	
discussed.
Evaluation of DNA labeling in mitochondria by anti-DNA antibody
and post-embedding immunoelectron microscopy
Xiaohong Yuan１ and Sumio Nishikawa*
１	Present	address:	Department	of	Oral	Pathology,	Beijing	Stomatological	Hospital,	Capital	Medical	University,	
Dongcheng	District,	Beijing,	100050,	P.R.	China
*	To	whom	correspondence	should	be	addressed:	Sumio	Nishikawa
Department	of	Biology,	Tsurumi	University	School	of	Dental	Medicine
2-1-3	Tsurumi,	Tsurumi-ku,	Yokohama	230-8501,	Japan
Tel:	+81-45-580-8466;	Fax:	+81-45-573-9599
E-mail	nishikawa-s@tsurumi-u.ac.jp
6from	the	 left	ventricle.	Maxillae	and	mandibles	were	
then	dissected	and	immersed	in	the	same	fixative	for	
2	 h.	 After	 demineralization	 with	 5%	 EDTA	 in	
phosphate-buffered	 saline	 or	 cacodylate	 buffer	
solution	(pH	7.3),	they	were	dehydrated	with	70%	and	
90%	ethanol.	They	were	then	embedded	in	LR	White	
resin	 at	 53℃	 for	 24	 h.	Ultrathin	 sections	 on	 nickel	
grids	were	 labeled	with	monoclonal	mouse	anti-DNA	
antibody	 (clone	AC-30-10,	 Boeringer,	Mannheim,	
Germany) ,	 fol lowed	 by	 incubation	 with	 gold-
conjugated	 anti-mouse	 IgM	 antibody	 (10	 nm	 in	 gold	
grain	diameter,	Amersham,	Poole,	UK)	 in	 1%	bovine	
serum	 albumin	 in	 phosphate-buffered	 saline,	 pH	 7.3	
(BSA-PBS).	Control	 sections	were	 incubated	with	1%	
BSA-PBS	 alone,	 followed	 by	 the	 same	 process	 as	
described	above.	The	labeled	sections	were	fixed	with	
2%	glutaraldehyde	 solution.	They	were	 stained	with	
3.3%	aqueous	uranyl	citrate	and	lead	citrate,	followed	
by	 carbon	 coating,	 and	 then	 examined	with	 a	 Jeol	
1200EXII	electron	microscope	(Jeol,	Tokyo,	Japan).
	 For	 numerical	 analysis	 of	 the	mitochondrial	
labeling,	 a	 total	 of	 16	 photographic	 prints	 enlarged	
10,000	 to	 15,000	 times	were	 used.	 Each	 area	 of	 the	
mitochondrion	was	measured	with	 ImageJ	 software	
(NIH,	 Bethesda,	MD),	 and	 gold	 particles	within	 the	
mitochondrion	were	counted.	To	evaluate	non-specific	
background	 labeling,	 gold	 particle	 density	 in	 the	
nearby	 intercellular	 space	was	 determined	 in	 each	
photographic	 print.	Data	were	 statistically	 analyzed	
using	a	paired	two-tailed	t-test.
	
Results and Discussion
	 Post-embedding	 immunoelectron	microscopy	 of	
anti-DNA	antibody	was	successfully	performed.	Many	
gold	 particles	 indicating	 the	 presence	 of	 DNA	
molecules	were	 seen	 in	 the	 nuclei,	 especially	 in	 the	
heterochromatin.	Numerical	analysis	of	gold	particles	
derived	from	DNA	in	nuclei	has	been	performed	and	
compared	 with	 results	 from	 apoptotic	 nuclei	
(Nishikawa	 and	 Sasaki,	 1995).	 The	 report	 revealed	
that	DNA	might	concentrate	more	in	apoptotic	nuclei	
than	in	normal	cell	nuclei.	Whereas	mitochondria	are	
well	 known	 to	 contain	 their	 own	DNA,	 no	 reports	
have	 been	 published	 on	 the	 detection	 of	 DNA	
combined	with	 anti-DNA	 immunocytochemistry	 and	
studies	 of	mitochondria	 ultrastructure.	The	 data	
showed	 localization	 of	 some	 gold	 particles	 in	 the	
mitochondria	(Fig.	1).	Results	of	the	t-test	showed	that	
gold	 grain	 density	 both	 in	 the	mitochondria	 and	 in	
the	 nearby	 intercellular	 space	were	 significantly	
different	 (p	<	 0.05)	 (Table	 1).	 The	 control	 section,	
which	was	processed	with	the	buffer	solution	in	place	
of	 the	 anti-DNA	 solution	 followed	 by	 the	 same	
processing	 as	 the	 anti-DNA	 immunolabeling,	 showed	
basically	no	gold	grains	in	either	mitochondria	or	the	
intercellular	space	(Fig.	2).
	 The	antibody	used	in	this	study	was	a	monoclonal	
mouse	IgM	class	antibody,	clone	AC-30-10,	which	has	
been	shown	to	react	with	DNA	specifically.	Reaction	
with	 nuclear	DNA	 and	mitochondrial	DNA	 can	 be	
shown	 by	 immunofluorescense	microscopy	 using	
cultured	 cells.	 Bacterial	 DNA,	 viral	 DNA	 and	
synthetic	DNA	have	 been	 detected	 by	 inhibition	
experiments	using	 this	antibody	 (Scheer	et	al.,	 1987).	
Studies	 using	 the	 high-resolution	 immunogold	
technique	with	 the	post-embedding	method	 revealed	
DNA	in	the	heterochromatin	of	the	nucleus	(Scheer	et	
al.,	1987;	Nishikawa	and	Sasaki,	1995),	apoptotic	nuclei	
(Nishikawa	and	Sasaki,	1995),	and	chloroplast	 (Scheer	
et	 al.,	 1987).	 In	 this	 study,	we	 attempted	 to	 detect	
mitochondrial	DNA	using	 dental	 epithelial	 cells	 by	
post-embedding	 immunoelectron	microscopy.	 A	
significantly	 higher	 density	 of	 gold	 grains	 was	
detected	 in	 the	mitochondria	 compared	with	 the	
background	 density,	which	 suggests	 the	 validity	 of	
the	method.	While	 a	 larger	 number	 of	 samples	may	
be	 necessary	 for	 a	more	 definitive	 conclusion,	 this	
study	 implies	 the	possible	 future	 application	 of	 post-
embedding	 immunoelectron	microscopy	 in	 studying	
genetic	mitochondrial	disease.	
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Fig. 1. Anti-DNA-labeled section. An electron 
micrograph of enamel epithelial cells of the rat 
incisor. Ultrathin sections were labeled with 
anti-DNA antibody. Several mitochondria with 
gold grains are visible. Some gold grains are 
also detected in the intercellular space. Arrows 
show mitochondria. IS: intercellular space. Bar 
= 0.5 µm.
Fig. 2. Control section. An electron 
micrograph of enamel epithelial 
cells of the rat incisor. Ultrathin 
sections were incubated with the 
buffer solution in place of anti-
DNA antibody followed by the 
same anti-DNA labeling procedure. 
No gold grains are visible. Arrows 
show mitochondria. IS: intercellular 
space. Bar = 0.5 µm.
Table 1. Colloidal gold grain densities in the mitochondria and nearby intercellular 
space of 16 different micrographs. Average density and standard deviation (SD) 
are shown. P value <0.05.
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